Abstract Brain abscess is the ultimate otogenic complication, both in severity and difficulty of management. In developing countries with high incidence of cholesteatoma, brain abscess is not a rare complication. In India, brain abscesses constitute about 8 % of all intracranial lesions. The surgical treatment of brain abscess is very controversial. This prospective study was done in ENT department of a tertiary care hospital in Kolkata, during the period from May 2009 to April 2014. 22 such cases of otogenic brain abscess managed by single-stage trans-mastoid drainage along with meticulous mastoid clearance. On the basis of clinical, radiological and operative findings, data of all patients with otogenic brain abscess were analyzed. There was male predominance and 9 (40.91 %) of them were younger than 20 years. 15 (68.18 %) cases were of cerebellar abscess and in 7 (31.82 %) cases were of the temporal abscess. Lateral sinus thrombosis was the most common associated complication found (22.73 %) in our study. All the patients peri-operatively revealed cholesteatoma. All the patients recovered well and there was no recurrence of symptoms on a minimum 15 months followup. This approach suits the otologists in clearing the cause and effect of pathology, at the same sitting. This singlestage approach decreases the peri-operative morbidity and mortality of the two-stage procedure. It also decreases the hospital stay and financial burden.
Introduction
Complications of chronic otitis media can be classified as intra-temporal or intra-cranial. In the pre antibiotic era the rate of intra-cranial complications of otitis media was 2.3 % [1] . Now, the incidence of intracranial complications of chronic otitis media (COM) is estimated to be between 0.02 and 1.97 % [2] . Meningitis and brain abscesses represent the two most common intracranial complication of COM, with an associated mortality rate ranging between 7 and 61 % in most large series [3] . In India, brain abscesses constitute about 8 % of all intracranial lesions [4] . In children, 25 % of all brain abscesses are otogenic while in adults, the incidence is more than 50 % [5, 6] . Chronic otitis media with cholesteatoma and/or granulation tissue are usually the cause. In developing countries with high incidence of cholesteatoma, brain abscess is not a rare complication [3] . CT scan is the best diagnostic tool [7] . The first line of treatment is systemic antibiotic followed by surgical evacuation of abscess and eradication of source of infection [3] . Medical treatment should be started first empirically and later to be modified according to the results of culture and sensitivity. In addition, steroid, anti-oedema and anti-epileptic drugs should be used [3] . The surgical treatment of brain abscess is very controversial. Conventional approach was to drain the abscess through a burr hole and some time through a craniotomy with abscess excision. Once the patient's condition stabilized, the source of infection has to be eradicated through a radical mastoidectomy [8, 9] . Unfortunately, this approach is causing trauma to healthy brain tissue and spreading the infection to healthy brain areas [9, 10] . Alternate approach is to drain their abscess through the radical mastoid cavity following the route of infection using aspiration technique. By doing so they are combining two procedures in one; draining and cleansing [11, 12] . We performed single-stage trans-mastoid evacuation in all cases of otogenic brain abscess admitted in our hospital. The aim of our study is to present the incidence, clinical profile, treatment and outcome of otogenic brain abscess.
Materials and Methods
This prospective study was done in ENT department of a medical college hospital in Kolkata, during the period from May 2009 to April 2014. All the patients clinically suspected to be a case of otogenic brain abscess were advised an urgent contrast enhanced CT (CECT) scan. Patients having the radiological features suggestive of brain abscess with the clinical evidence suggestive of chronic otitis media, were included in the study with clearance from the institutional ethical committee. 22 such patients presented to us within the study period. History of all the patients were documented in detail. All of them were subjected to thorough clinical examination and the otoscopic findings were confirmed by examination of the ear under microscope (EUM). Patients were immediately put on intravenous broad-spectrum antibiotic regime. Mannitol and Phenytoin were used where clinically indicated. Adequate supportive measures were taken. The patients were posted for operation after neurosurgical stabilization. Surgical treatment included transmastoid evacuation of brain abscess along with meticulous mastoid clearance through postauricular approach under general anaesthesia. Adequate management of other associated complications (e.g. lateral sinus thrombosis) encountered were also performed. The operative technique consisted of radical mastoidectomy to clear the primary focus of infection followed by evacuation of the brain abscess through the trans-mastoid approach. Cholesteatoma was encountered in the mastoid antrum and middle ear in all cases. The facial nerve was preserved in all cases. The drilling was continued towards either the posterior cranial fossa through the Trautmann's triangle, or through the tegmen plate into the middle cranial fossa, depending on the location of the abscess. The point of opening the dura was assesed from the anatomical and radiological orientation of the abscess. Then, the abscess was decompressed by needle aspiration and the capsule excised in the conventional manner. The dura was packed tightly with fat graft, taken from the abdomen in order to prevent CSF leakage. In case of multiple abscess, only those having significant (more than 3 cm) diameter, were drained. During surgery, any bony erosion in the area of Trautmann's triangle or tegmen plate, were carefully searched for. The wound was closed in layers. Aspirated pus was sent for culture.All patients were given postoperative intravenous broad spectrum antibiotic (ceftriaxone,vancomycin) till 14th post-operative day. Intavenousmannitol and dexamethasone were continued till 3rd post operative day, particularly to those who had increased intracranial tension preoperatively.Patients were discharged after 2nd post-operative week on oral medications. Total 6 weeks (pre-and post-op) of broad-spectrum antibiotic therapy was prescribed to all patients. First followup visit was after 3 weeks of operation. A repeat CECT brain was performed in all cases. All patients were asked to visit follow-up clinic regularly at 6 weeks, 3, 6, 12 and 15 months post-op. On the basis of clinical, radiological and operative findings, data of all patients with otogenic brain abscess were collected and analyzed.
Results and Analysis
22 patients with the primary diagnosis of otogenic brain abscess were admitted to the ENT ward for management during 5 years period (2009-2014). 17 (77.27 %) were males and 5 (22.72 %) were females. Their age ranged between 8 and 58 years with a mean of 26 years ( Fig. 1 ). 9 (40.91 %) of them were younger than 20 years. All of them had history of ear discharge, diminished hearing, headache and vomiting (Fig. 2) . 13 (59.09 %) of them had fever. 9 (40.91 %) of them had altered sensorium and 4 (18.18 %) of them had convulsion. 13 (59.09 %) of them had dizziness and gait disturbance. 4 (18.18 %) of them had visual disturbance. 2 (9.09 %) of them had neck stiffness and 5 (22.72 %) of them had neck pain. 2 (9.09 %) of them had pain around the ear and a painful swelling in neck. On otoscopic evaluation, 14 (63.64 %) patients had attic perforation, 6 (27.27 %) patients had marginal perforation and 2 (9.09 %) of them had postero-superior retraction pocket. Only cholesteatoma was evident in 7 (31.82 %) cases, only granulation was evident in 2 (9.09 %) cases and both were evident in 13 (59.09 %) cases. Fistula test was negative in all cases. Mastoid tenderness was found in 2 (9.09 %) cases only (Fig. 3 ). Kernig's sign and photophobia was found in 2 (9.09 %) cases. Post auricular abscess was appreciated in 2 (9.09 %) cases, neck abscess was found in 2 (9.09 %) cases and swelling in the occipital region was found in the 3 (13.64 %) cases. Nystagmus, ataxia, dysmetria and hypotonia was found in 13 (59.09 %) cases. Hemianopia and nominal aphasia was evident in 4 (18.18 %) cases. Griesinger's sign was found in 5 (22.73 %) cases.
Examination under microscope was corroborative of otoscopic findings. Audiological investigations were suggestive of conductive hearing loss in 14 (63.64 %) cases and mixed deafness in 8 (36.36 %) cases. CECT scan revealed ahypodense area with rim enhancement in the brain parenchyma in all cases suggestive of brain abscess. 15 (68.18 %) cases were of cerebellar abscess and in 7 (31.82 %) cases were of the temporal abscess. There were multiple abscess in 3 (13.64 %) cases (Fig. 4) and single abscess in 19 (86.36 %) cases. There were sclerotic mastoid and features of cholesteatoma in all cases. Delta sign were present in 5 (22.73 %) cases (Fig. 5 ). There were evidence of subperiosteal abscess in 2 (9.09 %) cases. Radical mastoidectomy with drainage of brain abscess through trans-mastoid approach was performed in all cases (Fig. 6) . Per-operative findings revealed cholesteatoma in middle ear and mastoid antrum in all cases. Erosion in the Trautmann's triangle area was noted in 3 (13.64 %) cases. Peri-sinus abscess was noted in 5 (22.73 %) cases. Culture from the pus drained from brain abscesses were negative in all cases. All the patient tolerated the procedure well and recovered well with the supportive management. No mortality was reported. All the cases were managed with a 6-weeks course of systemic broad spectrum antibiotics. Patients were discharged after 7 days post-op. Post-operative CECT scan at 3 weeks revealed complete resolution of abscess in all cases (Fig. 7) . All the patients were followed up till 15 months post-op. No recurrence of symptoms was reported.
Discussion
Although intracranial complications of COM are less common now than in years past, the associated incidence is estimated at between 0.13 and 1.97 %. Notably, cholesteatoma is an important risk factor for intracranial complications, as it is present in 78-100 % COM cases that go on to develop complications [13] . The annual risk of an adult with active chronic otitis media developing an abscess approximately 1 in 10,000 [14] . Brain abscess is the ultimate otogenic complication, both in severity and difficulty of management [15] . Some authors have reported 33 % of the intra cranial complications from their series to be brain abscess [16] . We have studied 22 cases of otogenic brain abscess within the study period of 5 years. The results have been analyzed in light of the observations made by various authors. Majority of our study population were male (77.27 %). Most of the authors are of similar opinion [17] . The incidence of intra cranial complication is reported to be higher in males, particularly in those younger than 20 years of age [18] . In our study also, are caused by the expanding abscess and its compression effect as a result of edema and encephalitis around the abscess rather than by the space occupying abscess itself [17] . Continuous and severe headache is said to be the most constant generalized symptom of brain abscess [15] . On otoscopy, none revealed evidence of mucosal disease, moreover, most patients (59.09 %) revealed both cholesteatoma and granulations. While, per-operative findings revealed cholesteatoma in all 22 cases. Some authors suggested that all otogenic brain abscesses resulted from chronic otitis media with cholesteatoma and/or granulations [19] . In another series, all abscesses were reported to be otogenicand 90 % of patients had cholesteatoma [16] . In some of the cases there was evidence of concurrent intratemporal and other intra-cranial complications. Lateral sinus thrombosis was the most common associated complication found (22.73 %) in our study. No other intracranial complications other than brain abscess were noted in one series [17] . Other reports have described a high incidence (30-50 %) of concurrent meningitis [20] . Most authors suggested that CT scan with and without contrast is the best diagnostic tool and best monitor of treatment in brain abscess. Its use had reduced the morbidity and mortality rate markedly. It is not only a guide to the location and size of the abscess, but also locates the defects in the tegmen and Trautmann's triangle [19] . CECT was the radiological investigation of choice in our protocol also. By location, most commonly those were cerebellar (68.18 %), whereas only 31.82 % were temporal. While the majority (86.36 %) were single abscess, some (13.64 %) were multiple also. Temporal lobe (cerebral) and cerebellum are the two common location for otogenic brain abscess while their relative frequency varies among authors [3, 16, 19] . Aldakhail reported that 69 % developed in the temporal lobe and only 31 % in the cerebellum, while only 3 % were multiple, in their series [16] . Again, Deric et al. [19] reported 28 cerebral and only one cerebellar abscess, whereas Sennaroglu et al. [3] found 54 % cerebral and 44 % cerebellar abscess. Temporal lobe abscesses usually occupy the middle third of the temporal lobe, cerebellar abscess occupy the anterior part of the lateral lobe of the cerebellum [16] . Although, CT scan with and without intravenous contrast is the most important investigation in the diagnosis of brain abscess, and is also the most valuable method for observing the progress of an abscess during treatment, the MRI has further improved the diagnosis [17] . Diffusion-weighted imaging and proton magnetic resonance spectroscopy are also helpful [8] . The conditions to be differentiated from brain abscess include meningitis, subdural abscess, lateral sinus thrombophlebitis, and otic hydrocephalus [18] . Management often requires collaboration of a multi-disciplinary team. Treatment begins with stabilization of the patient with supportive therapy (high-dose systemic antibiotic, anticonvulsant, diuretic). Surgical intervention is a combined neurosurgical and otologic approach. Surgery of the abscess conventionally includes aspiration through a burr hole or formal craniotomy, open drainage, or rarely total excision. This may occur simultaneously with the surgical approach to the ear, or it may precede management of the ear if indicated. Surgical management of associated chronic otitis media is based on the extent of the underlying disease. For patients with acute otitis media, wide myringotomy and drainage are performed, and mastoidectomy is performed in the presence of coalescent mastoiditis. Antibiotic therapy should be maintained for several weeks [16] . In this study, a single-stage, concurrent trans-mastoid drainage was performed. Karamitsos et al. [21] have reported a 20 years experience with 14 cases of otogenic abscesses treated by transmastoid drainage. Although, the mortality (21.4 %) was not less than that of most successful series of neurosurgical approach, authors have suggested to re-evaluate the scenario in view of modern technical improvements [21] . Pus obtained intra-operatively were routinely sent for culture and sensitivity testing but it revealed no growth in all our cases. This may be explained by the pre-operative antibiotic received as part of initial stabilization. Some studies also reported that culture from brain abscess showed no growth almost 50 % of the time. Culture positive abscess often show poly-microbial infection, with a high incidence of anaerobes, of which streptococci are the common organisms. Pyogenic staphylococci, streptococci and pneumococci are often found. Gram negative bacilli, Proteus, Escherichia Coli and Pseudomonas are cultured with increasing frequency, reflecting the higher incidence of otogenic abscesses from chronic ear disease [16] . In our series, mortality was nil. All our patients recovered well with standard post-operative care and special emphasis was given to ensure patient compliance for follow-up visits. Patients were kept under clinical and radiological surveillance. No recurrence of symptoms was noted on 15 months follow-up. This study suggests that trans-mastoid drainage of otogenic brain abscess is an effective, single-stage surgical solution for the otologists.
Conclusion
With the modern diagnostic tools and the latest oto-surgical techniques, most of the old reservations about this approach are now considered redundant and trans-mastoid, single-stage drainage stands on a more strengthened position.This single-stage approach decreases the peri-operative morbidity and mortality of the two-stage procedure. It also decreases the hospital stay and financial burden. A two-arm randomized control with stringent selection criteria will provide more scientific basis to the existing knowledge. Further clinical research must be undertaken to identify specific indications to guide selection of a surgical approach. A large multi-centric study will also help, as, large number of accrual is not possible for a single institution in this era.
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